OBJECTIVE -The American Diabetes Association recommended substituting 2hBS (glycemia at the second hour of an oral glucose tolerance test [OGTT]) for fasting blood glucose (FBS) in screening for glucose intolerance. It is debated whether these tests measure the same abnormality and relate to defective insulin secretion or resistance. This study examines the diagnostic effectiveness of FBS versus 2hBS and their relationship with insulin secretion and resistance.
T
he American Diabetes Association (ADA) (1) and the World Health Organization (WHO) (2) have revised the diagnostic criteria of diabetes and glucose intolerance. A new category of impaired fasting glucose (IFG) when fasting blood glucose (FBS) is 6.1-6.9 mmol/l replaced impaired glucose tolerance (IGT). However, studies in different ethnic groups disclosed a poor concordance between IGT, a known risk factor for diabetes and cardiovascular disease (3) , and IFG, the predictive value of which is undetermined. When only FBS is measured, IGT remains undetected in many subjects (4, 5) . Insulin resistance and impaired secretion concur toward diabetes and glucose intolerance, but it is unclear which defect arises first (6, 7) and which relates to either IFG or IGT, which reflect different alterations in glucose homeostasis (8) . Whereas some reports show that subjects with IFG have hyperinsulinemia and/or worsening of insulin resistance, those with IGT have defective secretion in response to glucose loading (9 -11) . Other reports demonstrate a pronounced defect in early insulin secretion in IFG and marked insulin resistance in IGT (12) (13) (14) . Thus, the characteristic metabolic abnormalities of IFG, compared with IGT, remain to be elucidated.
The major goal of our study was to evaluate the diagnostic power of FBS with respect to 2hBS (second-hour glycemia after oral load), assuming that the latter can be considered a reference indicator of metabolic disease. Therefore, the diagnostic process could be effectively simplified in the general unselected population by resorting to one measurement only, as was demonstrated in epidemiological studies that established ADA and WHO criteria (1,2). This study also offered the opportunity for analyzing the relationship of FBS and 2hBS with insulin resistance and secretion in isolated IFG, isolated IGT, and combined IFG and IGT.
RESEARCH DESIGN AND METHODS -The study was performed in a general Internal Medicine ward with outpatient facilities, affiliated with a Medical School. Those enrolled were consecutive unselected patients admitted between 1997 and 2002 whose medical history and physical examination prompted further studies to screen for metabolic abnormalities. We excluded patients with known type 2 diabetes or other abnormalities defined by ADA (1) and WHO (2) diagnostic criteria. We enrolled 398 subjects, 183 male and 215 female (83 postmenopausal). None was taking medications affecting glucose or insulin metabolism and, based on physical examination and routine laboratory exams, all were healthy. We preestablished the use of ADA and WHO criteria (1,2) to classify patients into groups, based on glycemic values expressed in mmol/l: 1) normal glucose tolerance (NGT) with FBS Ͻ6.1 and 2hBS Ͻ7.8; 2) isolated IFG (FBS 6.1-6.9 and 2hBS Ͻ7.8); 3) isolated IGT (FBS Ͻ6.1 and 2hBS 7.8 -11.1); 4) combined IFG/IGT (FBS 6.1-6.9 and 2hBS 7.8 -11.1); and 5) type 2 diabetes with FBS Ͼ7 and/or 2hBS Ͼ11.1. The 19 patients belonging to this fifth group are not further described here.
After at least 5 days of a weightmaintaining diet (55% of calories from carbohydrates, 25% from fats, 20% from proteins) and avoidance of strenuous exercise, the fasting subjects underwent a 75-g oral glucose tolerance test (OGTT). Two venous blood samples were drawn at baseline and a third 120 min later for determination of 2-h insulin and 2hBS. The fasting values were the average of the two baseline samples. Plasma glucose concentrations were determined by glucose oxidase, and serum insulin concentrations with an immunometric "sandwich" assay (Immulite 2000). On the morning of OGTT, we measured BMI (kg/m 2 ) and waist-to-hip ratio (WHR) as an index of body fat distribution. We calculated pancreatic ␤-cell function and insulin resistance (IR) from fasting glucose and insulin concentrations using homeostatic model assessment (HOMA ␤-cell and HOMA IR, respectively) (15) . HOMA ␤-cell was calculated from fasting glycemia and insulin levels, as follows: [ (17) . Insulin p and glycemia p are obtained by dividing the sum of the measurements of insulin (U/ml) and glycemia (mmol/l), measured at 0 and 2 h after OGTT, by the sum of their respective normal values. Our normal reference values were obtained on 50 of the study subjects (20 male and 30 female, aged 17 to 58 years) with normal BMI and WHR, according to the criteria published by the Italian Consensus Conference (18) . HOMA and ISI gly have been validated with euglycemic and hyperglycemic clamp techniques (17, 19) and used in epidemiologic studies (19, 20) . The ISI gly , calculated from OGTT data, seems to be more specific and useful than HOMA IR, more closely reflecting physiologic insulin actions. It represents a simple tool suitable for clinical or epidemiologic studies (17, 20, 21) . We selected the 2hBS as indicative of glucose intolerance because of its simplicity, which matches that of FBS, and its high discriminating power (2,3). We could not estimate beforehand the number of observations necessary to reach statistical significance, because the relative prevalence of the different metabolic abnormalities is unknown, the only previous report (8) being based on cut-off values different from those of the ADA used here. We computed means and SDs from the means for each measurement. Statistical comparisons were performed using 2 and Bonferroni's tests. (Table 1) . Whereas WHR and smoking were similar in the four groups, hypertension, as expected, was more prevalent in the glucose intolerance groups. Table 2 reports the results of OGTTs. The comparisons between glycemic values are meaningless, because the groups were built according to pre-established values. The fasting serum insulin concentrations in IFG/IGT and IGT were significantly higher than in NGT and IFG groups. These differences were also present for 2-h insulin values.
RESULTS
The results of the HOMA analysis and ISI gly are shown in Table 3 . The means Ϯ SD of our own normal values for HOMA IR, HOMA ␤-cell, and ISI gly , not shown in the table, were 1.42 Ϯ 0.72, 1.89 Ϯ 2.72, and 1.08 Ϯ 0.31, respectively. Compared with that of NGT, the HOMA IR was significantly higher in IFG/IGT and isolated IGT groups. The HOMA IR in IFG/IGT subjects was significantly higher than that in IGT and IFG groups. With respect to NGT, the ISI gly was significantly lower in IFG/IGT and IGT groups, and that of IFG/ IGT was significantly lower than that of the IFG group. The ISI gly was significantly lower compared with IFG in the IGT group, whereas the HOMA ␤-cell shows the opposite difference, which is also statistically significant. Subjects with normal 2hBS had significantly higher insulin sensitivity, measured by the ISI method, than those with high 2hBS. 
Fasting hyperglycemia vs. glucose intolerance
The analysis of the diagnostic power of FBS as a screening test for metabolic disease is shown in Table 4 , which reports the data as if FBS were the screening test and 2hBS were equivalent to disease. The symptom FBS has low sensitivity (19%) owing to the very high false-negative rate, and good specificity (93%), owing to a very low false-positive rate. However, the diagnostic yield, expressed by the positive predictive value, is poor (39%), whereas the power of the test in excluding impaired glucose tolerance, expressed by the negative predictive value, is more acceptable (83%).
CONCLUSIONS -After the ADA diagnostic criteria of 1997 (1), impaired glucose homeostasis can be defined not only by 2hBS of 7.8 -11.1 mmol/l but also by FBS of 6.1-6.9 mmol/l. If both WHO and ADA criteria are applied, impaired glucose homeostasis can be divided into three different subgroups, implying a close linkage between the WHO category of IGT and the new category of IFG, considered intermediate steps between normal and diabetic glucose homeostasis (1,2). On the contrary, our results, consistent with recent reports in different ethnic groups (5,9,12), clearly demonstrate that IFG and IGT subjects belong to different populations with altered glucose metabolism. Our data show that if FBS alone had been used, 81% of subjects with isolated abnormalities in 2hBS (isolated IGT) would have been diagnosed as having normal glucose tolerance, while 17% of subjects considered normal would in fact be undiagnosed glucose intolerant. Only when performing an additional OGTT test was the association between IGT and IFG detected in ϳ39% of the subjects with IFG. Missing this association could be harmful, since subjects with IGT are at increased risk of developing diabetes and cardiovascular disease (3). The ADA criteria, which ignore this condition, could thus delay disease prevention.
The diversity between IFG and IGT groups involves both insulin secretion and resistance. There is general agreement that subjects with type 2 diabetes have both ␤-cell dysfunction and insulin resistance (6, 7) . However, the stage of progression of glucose intolerance during which these metabolic abnormalities develop is still a matter of debate. Defective insulin action is the major identifiable defect in subjects at risk for type 2 diabetes (6,11), whereas ␤-cell dysfunction seems to become abnormal only when FBS is elevated (7, 22) . Nevertheless, defective insulin secretion may be present before the onset of overt diabetes (9, 23) .
Before the introduction of the ADA criteria, the IGT category included all nondiabetic subjects with impaired glucose homeostasis. Considerable controversy regarded the relative contributions of insulin resistance and abnormal insulin secretion in the pathogenesis of IGT (11, 24) , and this is now accounted for by the new category of IFG. Considering the information yielded by the HOMA ␤-cell analysis together with ISI gly , we can argue that insulin secretion is defective in IFG compared with IGT subjects, whereas, in the isolated IGT group, impaired insulin sensitivity is more apparent. These results agree with those reported by some (12) (13) (14) , but not all (9 -11), authors. In a longitudinal study (11) , a marked deficit of insulin secretion after intravenous glucose load was observed in Pima Indians with IGT who later manifested overt diabetes. It was subsequently demonstrated that defective insulin secretion is more pronounced in Pima Indians with isolated IFG than in other subjects with isolated IGT (12) . Several studies on insulin secretion and resistance in IGT subjects attempted to determine which of these two defects predominates during the early stage of the disease and which constitutes the primary abnormality (7, 24) . Although the results of most cross-sectional studies of IGT subjects indicate that insulin resistance represents a major feature (in agreement with the present study), extended follow-up shows that reduced insulin secretion is strongly predictive of progression to overt diabetes (11, 25) .
Defects in insulin resistance or secretion have different effects on fasting and postprandial glucose metabolism. This has been demonstrated in studies conducted on identical twins of parents with type 2 diabetes (22), hemipancreatectomized normal subjects (26) , and insulinresistant Asian subjects (27) , data which collectively show that the onset of fasting metabolic abnormalities occurs in response to a primary impairment of insulin secretion, whereas primary insulin resistance preferentially affects postprandial glucose metabolism. FBS, which depends essentially on hepatic glucose production, is strongly influenced by the feedback between liver and ␤-cells (7). In our study, in fact, subjects with IFG had significantly higher FBS and significantly lower fasting insulin levels than IGT patients. Moreover, they exhibited a lower HOMA ␤-cell, the insulin secretion index based on baseline findings. Therefore, they would need to secrete more insulin to control their fasting glycemia.
Normal insulin action is important in clearing an oral glucose load (28) . In our study, subjects with IGT showed significantly higher 2hBS and 2-h insulin levels than those with IFG. They also had significantly higher insulin resistance, as demonstrated by their lower ISI gly . In other words, the excessive insulin secretion of these patients is not sufficient to control their 2hBS. This demonstrates the presence of marked insulin resistance.
Consequently, our findings suggest that IFG and IGT subjects represent two distinct populations with altered glucose metabolism. Thus, both FBS and 2hBS are useful diagnostic tools, since their combined use allows the stratification of subjects with impaired glucose homeostasis into three specific subgroups with different metabolic abnormalities: isolated IFG, isolated IGT, and combined IFG/IGT. This distinction may help clinicians in choosing strategies to prevent cardiovascular disease and diabetes.
In the absence of euglycemic clamp values, it is difficult to precisely assess the relative importance of insulin secretion and resistance. However, the tests we used to measure insulin resistance were concordant and gave clear-cut results, whereas the test to estimate secretion was significantly different between patients with IFG and IGT. The lack of significance with respect to the IFG/IGT group might be due to the conflicting influence on the HOMA ␤-cell value of defective secretion with respect to altered peripheral glucose disposal in IFG/IGT patients, although a rather limited sample size could account for it. This latter explanation is supported by the comparison, not reported in Table 3 , between NGT ϩ IGT (all 337 subjects with normal FBS) and IFG ϩ IFG/IGT (all 36 patients with high FBS), which is significant at the 0.03 level because of the larger sample size. We did not perform the euglycemic clamp because the aim of our study was to evaluate the diagnostic power of a very simple test, FBS, that can be performed in practically all clinical settings, in the doctor's office, and even by the patients. Although we cannot establish which is the primary, initial abnormality in glucose intolerance, defective secretion or resistance, we have important data to assess the diagnostic power of the simple measurement of fasting glucose in diagnosing glucose intolerance. It is meaningful then to compute the diagnostic power of FBS, the test recommended by the ADA as a simplified estimate of impaired glucose tolerance. As shown in Table 4 , the positive predictive value is insufficient to support the use of FBS alone to screen the unselected general population for metabolic abnormalities.
Probably, the discrepancy between our results and those expected by following the ADA recommendations is more apparent than real. In fact, we collected our data from a general medical ward and clinics. In this unselected population, diabetes has such a low prevalence (4.7%) as to reduce, according to Bayes formula (29) , the diagnostic yield of FBS when used as a single test. The ADA criteria may be more applicable to referral centers for diabetes, where the higher disease prevalence improves the diagnostic power of FBS. In a general medical ward or in a general practitioner's office, however, the information yielded by FBS and 2hBS is complementary and provides a more complete picture of the patient's metabolic state, useful in identifying the appropriate treatment. Reliable diagnostic conclusions and clinical decisions cannot be reached if the information is limited to FBS. The relationships between "the symptom" (FBS) and "the disease" (2hBS). Specificity ϭ 284/306 ϭ 93%; sensitivity ϭ 14/73 ϭ 19%; positive predictive value ϭ 14/36 ϭ 39%; and negative predictive value ϭ 284/343 ϭ 83%.
